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Chitosan-Enhanced Sand Filtration using FlocCleax™ chitosan acetate




Conditions Applicable to CESE under this designation




the effluent.










Applicant;

Applicant Address:

Clear Creek Systems, Inc. (CCSI) Chitosan vendor and
technical consultant
Joe Gannon, President (661 979-2525)

4101 Union Ave
Bakersfield, California 93305




Application Documents:

» Application for Conditional Short Term Use Designation for Chitosan Enhanced
Sand Filtration, April 2005, Joe Gannon, Clear Creek Systems, inc

The following are contained in the April 2005 application documentation:

Flocoulation Comparison Testing of Ven-Vis 204 and Storm Klear™ Liqui-Floc™,
January 2005, Julie Morgan of Venture Chemicals, Inc.

The Examination of Residual Chitosan Testing Procedures for Effectiveness,
Reproducibility, and Reliability on Polymer from Various Manufacturers, Jason
Martino and David Beard, Clear Creek Systems, Inc.

Aquatic Toxicity Testing Results for a Product — Floc-Cleat 2% A One-Species
Chronic Definitive Bioassay, January 2005, Block Environmental Services

The following are contained in the October 2005 Application

Clear Creek Systems, Inc. FlocClear™ Chitosan Enhanced Sand Filtration
Stormwater Treatment Evaluation, October 2005, Water Tectonics

FlocClear™ Chitosan Enhanced Sand Filtration Operations and Maintenance
Manual, 2005, Clear Creek Systems

TFlocculation Comparison Testing of Ven-Vis 204 (FlocClear™) and Storm Klear™
Ligui-Floc™ Addendum to Original Application for Approval, Jason Martino, July
14, 2005

Applicant's Use Level Request:

Interim Short-Term Use Designation for the operation of flow-through Chitosan-
Fnhanced Sand Filtration (CESF) technology for the reduction of turbidity in
construction site stormwater. General Use Level Designation for the CESF
technology with the discharge of chitosan acetate treated water {0 retention
systems capable of infiltrating all storms to the ground with no discharge to
surface water. General Use Level Designation for the CESF technology with a
discharge of chitosan acetate (reated water from a temporary holding pond to
surface water only after the treated stormwater is demonstrated to contain Jess
than 0.1 ppm residual chitosan acetate polymer or is non-toxic to aquatic
organisms (batch treatment).




Applicant’s Performance Claims:

For construction site stormwater runoff with a turbidity of less than 600 NTU
(influent), a properly engineered and deployed Chirosan-Enhanced Sand
Filiration System will remove greater than 95% of the turbidity, producing
cffluent that will consistently meet the State surface water discharge standards.

Chemical Technical Review Committee (CTRC) Recommendation:

The CTRC finds sufficient evidence to recommend to Ecology to grant Clear
Creek Systems Inc. a CUD for a flow through CESF technology that can remove
turbidity from stormwater at construction sites within acceptable limits.

Findings of Fact:

1.

A CESF system has demonstrated the ability to reduce turbidity caused by the
disturbance of sediment on construction sites by 99.1% (overall average) when
operated at a flow rate of approximately 200 GPM to 97.2% when operating at a
flowrate of 1200 GPM.,

Infivent turbidity levels above 600 NTU demonstrated the potential to cause a
slow degradation of the turbidity removal performance by the system resulting in
eventual system failure. CESF systems shall be limited to influent turbidity levels
of 600 NTU or less. Turbidity levels above 600 NTU shall be allowed additional
settlement time or be pretreated in another manner not covered in this application
for Conditional Use Designation.

Pretreat water with a pH range outside the CESF treatment window of 6.5 to 8.5
to achieve the appropriate range. This application for Conditional Use
Designation does not cover this pretreatment process.

In the CESF treatment systems that have been constructed and operated to date,
we have not observed any aquatic toxicity from the treated filirate.

The chitosan acetate polymer component, used for water treatment, is non-toxic to
humans and other mammals, which makes it unique in the universe of treatment
agents. Chitosan acetate does, however, exhibit toxicity to rainbow trout and
should therefore be used at a maximum dose rate of 1 mg/I, as chitosan acetate as
a conservative measure to ensure no possibility of toxicity to rainbow trout in
receiving water,

CCSI provided a design/operation/maintenance manual, which includes
information on selecting, sizing, assembling, operating, and maintaining a CESF
system.




7. CCSI provided a significant amount of aquatic toxicity data demonstrating that
Ecology can expect the discharge residual of the chitosan acetate polymer {0 be
within toxicity acceptable levels when used as directed.

Description of the Technology:

Chitosan-enhanced sand filtration (CESF) is a stand-alone construction site water
treatment technology, which is comprised of four basic components:

Stormwater transfer pump

Chitosan addition

Pressurized multi-pod sand filtration

Interconnecting treatment system piping

CESF is a flow-through stormwater treatment technology that utilizes chitosan, a natural
biopolymer, in conjunction with pressurized sand filtration to remove turbidity
(suspended sediment). Each treatment system is designed and instailed to operated on an
as need basis, pumping water from a retention basin whenever the water level of the
retention basin is high enough to warrant processing. When you transfer stormwater
from the retention basin to the sand filtration unit, you introduce chitosan to stormwater
to coagulate suspended solids producing larger particles, which you retain within a sand
filter. The filtration systems are equipped with automatic backwash systems, which will
backwash the coilected sediment from the individual filter pods as necessary to maintain
the hydraulic capacity of the filtration media. This feature allows the freatment system to
operate on a continuous flow-through basis. A linktoa diagram of the system is
included here:

oDooo

Recommended Research and Development

Ecology encourages CCSI to pursuc continuous improvements to the CESF system. To
that end, we recommend the following actions:

e Conduct further research to create a more reliable residual chitosan test. Develop a
test that quantifies chitosan concentrations,

o Determine how different soil types affect ¢hitosan treatment.

e Determine aquatic threshold for marine species.




Contact Information:

Applicant: Joe Gannon
President
661-979-2525
jgannon{@clearcreeksystems.com

Applicant Website:  www.clearcreeksystems.com

Ecology web link: http://www.ecy.wa.gov/programs/wq/stormwater/newtech/index.html

Ecology: Douglas C. Howie
Water Quality Program
(360) 407-6444
douglas.howie@ecy.wa.gov

Date Revision

September 2009 Initial Designation

September 2012 Revised due date for QAPP for flow through system
March 2015 Revised dates for QAPP, TER, and Expiration for CULD
May 2016 Added GULD for direct flow through systems

July 2016 Added use for all waters of the state




EXPANDED APPROVAL OF THE CLEAR CREEK SYSTEMS CHITOSAN-ENHANCED SAND
FILTRATION INTENDED USE PLAN - MAY 10,2016

Clear Creek Systems, Inc. originally submitted an Intended Use Plan dated April 24, 2006 to describe how the
treatment chemical concentration in a chitosan-enhanced sand filtration (CESF) system using FlocClear™
containing 2% chitosan acetate will be kept below its toxic threshold to key species. After being dosedtoa
concentration that is below the toxic threshold, the chitosan concentration in the storm water will be reduced further
by binding to suspended solids and then binding to the sand filter before being discharged.

Clear Creek Sysfems submitted a new toxicity test report dated April 13, 2016 in order to extend approval to include

discharges to all state waters. The following list includes all of the tests that have been performed, This approval
now covers discharges to alf streams, lakes, and marine waters.

Toxicify Tests and Results

. mg/L of chitosan acetate
Test Endpoint g
¥Csp ECy 5
Daphnia pulex acute 48-hr survival 200 ;0 200
rainbow trout acue -96-hr survival 4,28 na
fathead minnow acute i96-hrsurvival | 936 na
rainbow trout 7-day survival & [survival L2098 25
growth weight >25 | 25
fathead minnow 7-day survival survival 118 ;74
& growth ‘biomass S ) >10
rainbow trout embryo viability Y 253
) survival Lo>20 >20
fathead minnow embryo-larval - -
development | >20 >20
topsmelt 7-day survival & survival >8 >8
growth ‘biomass C 8 >8
. . survivat >§ 5.7
mysid 7-day survival & growth [— - ;
biomass ; >8 1.23
bivalve embryo-farval survival survival >64 % >64
& development dovelopment | 445 | 311

Intended Discharge Concentration

The intended discharge concentration is conservatively estimated to be 0.1 mg/L. The Residual Chitosan Field
Screening Test has been performed hundreds of times on storm water treated by CESF systems using FlocClear™
and no chitosan has ever been detected in a discharge sample. The detection limit of this test is 0.1 mg/L. The
Residual Chitosan Field Screening Test will be performed twice per day during the operation of CESF systems using
FlocClear™ to verify that discharges contain less than 0.1 mg/L chitosan.

Safety Margin for the Most Sensitive Response (mysid biomass)

Mysid Biomass Toxicity Safety Margin
turbidity (NTU) toxic threshold (ECzs) discharge concentration safety margin
0 1.23 mgiL 0.1 mg/iL 1.13 mgiL

The foxic threshold is greater than three times the intended discharge concentration, Therefore, the safety margin is
not considered to be narrow. No confidence building period of flow-through or in-situ toxicity testing is needed.




Maintenance of Safety Margin

Chitosan acetate can effectively treat storm water up to 600 NTU without using a concentration above 1.06 mg/L.
1.06 mg/L chitosan from FlocClear™ is below its toxic threshold of 2.5 mg/L in clear waler. The chitosan
concentration wiil decrease after dosing due fo binding to solids and the sand filter. If the metering pump fails, the
anti-siphon valve will prevent FlocClear™ from being siphoned into the system. 1f the metering pump is incorrectly
calibrated and the storm water is overdosed, treated water will not coagulate well enough to be clarified and the
turbidimeter will trigger the return of effluent to the detention structure instead of discharge,

The following dose rate table shall be used to ensure both treatment plant effectiveness and a chitosan concentration
below 1.06 mg/L prior to sand filtration.

tnfluent | [Pfluent | FlocClear™ 2% ' Influent | Hluent | FlocClear™ 2% )
Turbidity Flow | Solution Dose Rate | chitosan Turbidity Flow | Solution Dose Rate | chitosan
(NTU) Rate ) (mg/L) (NTU) Rate ' (mg/L)
{gpm) ml/min gph {gpm) mb/min gph
100 5 0.08 100 10 .16
200 10 a.16 200 20 032
300 5 0.24 300 30 048
400 20 032 . 400 40 063
s0-150 % 040 paes | 1s0-300 % % 0T gs29
600 30 0.48 600 60 0.95
00 35 0.56 700 70 bH
800 40 0.64 800 80 1.27
960 45 072 00 o0 1.43
1600 50 0.79 1000 100 1.5%
100 15 024 160 20 032
200 30 048 200 40 0.63
300 45 .71 300 60 0.95
400 60 0.95 400 80 1.27
300-450 0 » M 0794 Jaso-600 0 100 9 10s8
600 S0 1.43 600 120 1.90
700 105 1.67 700 140 222
800 120 1.91 800 160 2.54
900 135 2.14 900 180 2.86
1000 150 238 1060 200 3.17

Checking formula:
chitosan concentration in mg/L = (ml/min FlocClear™ x (.02 x 1 g/m! x 1000 mg/g)/system flow rate in liters/min

liters/min = gpm x 3.78 liters/gal

Safety Margin Checklist

Only FlocClear™ containing 2% chitosan acetate shall be used.

No chitosan-treated water shall be discharged without first receiving sand-filtration,

Secondary containment for the FlocClear™ {ote and metering pump shall be at least equal to the tote volume,
FlocClear™ shall be stored at least 50 feet away from all natural drainages, conveyances and storm drain inlets
or a 1-foot high earthen berm shall be constructed and maintained down-gradient as additional containment.
Spill absorbent material shall be readily available to immobilize any spill during handling.

The FlocClear™ metering pump shall be positive displacement and provided with an anti-siphon valve which
shall be inspected and the inspection recorded at the beginning of each treatment shift.

The metering pump shall be calibrated using a calibration cylinder at the beginning of each treatment shift and
every time that the FlocClear™ dose rate changes. The calibration shall be recorded in the log, The siroke
frequency shall be set as high as possible and the stroke length/speed adjusted to provide correct dosing,

¥ Flow rate, turbidity, and pH of influent and effluent shall be recorded at startup and every 2 hours thereafier.
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Bench/jar testing shall be done at startup and when influent turbidity changes more than 50 NTU. If'the resuits
of the jar tests indicate that the dose needs to be adjusted, the jar testing results and the indicated dose rate
change shall be documented in the daily operating log.

The volume of chitosan in the tote shall be recorded at the beginning and end of the treatment period. The
volume used shall be determined and compared to the volume of water treated to further validate dose rate.
The Residual Chitosan Field Screening Test shall be used twice per day during CESF operation at 1 hour and 2
hours after startup to confirm a discharge concentration below 0.1. If any chitosan is detected in the discharge,
the operator shall shut down the CESF until the malfunction has been found and fixed.

All inspections, calibrations, tests, measurements, dose rate changes, and equipment adjustments shall be
recorded in a daily operating log which must be kept available for at least the duration of the treatment project.




